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The following Technical Note descriptive of a Variabls Spesd Fan
Dynamome ter, was prepared under the supervision of the Avtomotive Power
Plant Section of the Bursau of Standexds, and submitted through tke
Subcommittes on Powar Plants for Aircraft to the National Advisory Com-
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Fan brakes are widely used as absorption dynamometers in testing
internal combustion engines because they are comparatively simple, in-
expensive, and flexible. They kave, however, the disadvantags that a
given fan will run at only one spesed when the engine is delivering
full power, that speed bsing determined by the size, proportions, and
enviromment of the fan, and the density of the air. In order to be
able to vary the speed at which a given power will be absorbed, English
menufacturers have for some time bhesn wusing & cylindrical housing around
the fan with onas or two variable openings in the periphery. The tests
here reported were undertasken by tke Automotive Power Plant Section of
the Bureau of Standards to determine how great a range of speed cen be
cbtalned with such a device. The tests made show that a power ratio of
5 to 1 can be obtained, power rat:.lo veing defined as the ratic of ths

power absorbed by the fan at a given speed with the outlet open to tke
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power absorbed at the sams spsed with the outlet closed. Sincse the power
absorbed by the fan varies as the cube of the spesd at which it rons,

the speed ratio (defined similarly to power ratio) obtainable with such
& fan is %/—5-01‘ 1.7. The iata show that improvements in the design

of the fan brake can make the speed ratioc approach but not exceed & value
of 2 to 1. The mesaning of the terms power ratio and speed ratio is more
clearly sesn from the diasgrems.

Data of the B. F. Sturtevant Company show that the power ratio of a
centrifugal blower, which is essentially the same as a fan brake, is in-
dependent of the speed ant size of tae blower, depending only upon ita
shape and proportions, and it is supposed that this is also true of fan -
brakes,

A brief outline of previous work on fen brakes, descripticn of the
experimental apparatus and methods used in the tests, and a more de-
tailed statement of results are given balow.

I% has often besn shown experimentally. that for a given fan brake,
the relation of power (hp) to spesd (N) is expressed by an eq_ué.ticn of

the form

 bp= e @
The constunt k in this equation depends upon the size, proportion, and
enviroment of the fan and the density of the air. In order to obtain
another desired relation of spsed to hersepower, one or more of the
quantities controlling the constant k must be varied. Control of air
density invulves such elaborste apparatus as to be discanrded at onmcs.
CGontrol of size of fan generally necessitates stcpping the engine in or-

der to get a different constant, yet this method is used to a consid-
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erable extent in cammercial engine testing in spite of its inconvenisnce,
as in the Frauklin Fen Dynamometer, specifications and calibrations for
which are given in the S.A.E. Handbook, Vol. II, p. 45. It is possible to
design a davice which will change the diameter of the fau blades or the
angle at which they strike the sir without stopping the engine, but such a
device is necessarily rather ccmplex, andi may be found.-unsuited. to high~
speed work. Fans of this typs are, nevertheless, usel by seversal French
engine manufacturers. By slimination, it is seen that the control of

fen envirorment_is the simplest and easiest method of controlling the
horsepowsr-speed relation of the fan. Morgan and Wood (sse bibliography,
item 6) give some data on the influsnce of the environment of a fan on
its horsepower-speed relation. Ther give diagrams showing the effect of
e wall in tke vicinity ¢f a fan and the effect of putting a squars bex
around the fan, Concerning reproducibility of results, they peoint out
that ordinary weather changes may affect the powsr absorbed by the fan

by as much as 20%, anl express the opinion that a fan brake is of little
use in exact scientlfic tests unless same means of measuring the torque
is used in conjunction with it.

Although English manufecturers have long bee.n using the method of
altering the enviromment, they ars not known $o have published any in~
formation showing the range of speed control availeble. Hence, these
experiments were undertaken with =z view to answering the following two
guestions:

(1). What renge of speed control is obtainasble with & fan brake?
(2). Given the rated horsepower ani speed of en engine, what is

the diameter of fan brake necessery in order to obtain
complete tests of power vs. speed?
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The general procedure of the experimental work was to mount a two-
bladed. peddie-wheel fan on & small electric dynsmometer, build a cyl-
indricel housing eround it, the inlet and outlet of which were of con-
trollable area, and measure simultancous valuss of speed and horsepower
with different sizes of inlet and outlet. This gave sufficient data to
delermine the speed ani powsr ratios obtainable by opening and closing
the outlet, and the size of inlet for meximun speed control.

The fan consisted of two square pieces of 3 mm (1/8") sheet alum-

jnum about 28 cm (11") onm sach side, bolted to a steel arm 10 mm x 76 mm

(3/8" x 3") by means of steel angles. Ths diamster of the fan meas-
ured from tip to tip of the blades (the nominal diameter) was 1.1 meters
(44"). The proportions of the fan brake are shown in Fig., 1, which is
a section through the fan blades looking toward the inlet end of the
brakxe. The two ends of the housing were sawed out of slabs of cleated
tongue and groove pin and a 45 em (18%") strip of galvanized iron nailed
around the periphery of the ends completed the fan brake except for the
sliding shutter. The estimated maximun cost of such a fan brake in
Jenuary, 1920, labor included, is $25.00.

The fa'n brake wzs mounted on a 50 horsepowsr Spragve electric dyna-
mometer. Data for horsepower-speed curves were taken with inlet diame-
ters of Sé cm, 50 cm and 40 em {26, 20 and 16 inches) respectively, and
with inlet closed, the circumferential outlet opening being changed by
steps of 2 incl';as wp to 30 inches (76 cm) open for each getting of the
iniet. The outlet wmcovered about 75° of the periphery of ths housing
when the circunferential opening was 76 cm (30 inches). Readings of

static air pressurs in the housing and air velocity through the ocutlet
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were alsc taken with a view %o esfablishing a reasonable basis fer the
conputation of tae horsepowsr necessary to drive a fan braks of different
prcportions from the one tested, but no satisfactory formulas were obtaiued.
Plo;', 2 shows the experimental horsepower-speed curves for the fan
brake tested, plotted on the same sheet with e horsepower-spéed curve
of the fan in free air and curves of severasl well-known motors. The ob-
served pointe are showm in circles and dotted lines indicate extrapola-
tion. The slope of the lines is 3.0; this differs from scme other ob-
servers’ results by as much as 0.1. The horizontal Ristance between
curves B and C, measured with a logarithmic scale, is the speed ratioc of
the fan braks. For the brake tested the speed ratio was 1.7. The hori-
zentel distance between curves A and C gives the maximum speed ratio that
could be obtained by any improvements in the design of the fan brake.
It will be noticed that A cuts the 1000 r.p.m. line at about the same
horsepower that C cuts the 2000 r,p.m. line, so the maximun speed ratio
obtainnble is 2 to 1. The vertical distance betwsen the two lines gives
the power ratio of the fan brake, and is naturally the cube of the apsed
ratio, or 5 tc 1. Since the lines are parallel, the speed ratio is in-
dependent of the speed at which the fan is run, This means, of course,
that the spead range is grsater at higher speeds. At 300 hp, a speed
range of 1600 r.p.m. is available, which is more then encugh to take a
ccoplete full-throttle run on 8 300 hp Hispano-Suiza engine. At 18 hp,
a2 speed range of only 650 r.p.n. is available, ani this is not quite as
great a speed range as is usually used in rumning tests on Ford motors.
Curve D is a typical full-throttle Ford motor curve, While the charac-
teristics of a fan brake give it greater speed range at high speed than

at low, it must be very carefully built in crder to be rvn with safety
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over 1500 r.p.m. Flot 3 shows in heavy lines ths curves of horsepower
et 100C r.p.m. against fan dizmeter for Sturtevant Steel Plats blowers
plotted from data givﬁn in their cataslogue No. 234. These ourves in-
dicate that for fans of different diemeter having other dimemsions pro-
portional to the diameters, the power absorbed by the fan varies about
as the £ifth power of the diameter, since ths slores of the curves are
5.3 and 5.1 respectively. The fact that the lines for Sturtevant blow-
ers open and closed are parallel, shows that the speed and power ratios
are :\.ndepend.ent of size of fan, and it is assured for the purposezs of
thls work that this is also true for fan brekes. The dotted lines are
for the typs of fan brake shown in Fig. 1. Each is dramsn through cne
obseﬁa;i. point with & slope of 5 to 1. They can be used to determine
the size of fan required to rum a test o a given eﬁgine_ provided an
approximate horsepower-speed curve for the engine is known, but a fan
bailt with the norinal diameter indicatei on the curve may absorb as

much as 10% mere or 10% less power than indicated on the curve.

Plot 4 shows how the diameter of the inlet affects the power absorbed
by the fan and the spesed ratic. Curve H shows that the power absorbed
by the fan with outlet open varies nearly dirsctly as the inlet diameter,
and curve G shows that the power absorbed with the outlet closed remzins
constant until the inlet diameter becc;_nes greater than the inside diam-
eter of the blades, when it increases.';‘ The ratio of any two ordinates
on the curve gives the power ratio, which is the cube of the speed ratio,
and the speed ratio is plotted as curve K to the same mmerical scale as
the horsepower curves. OCurve K shows that if the diameter of inlet is
rDz(where D is fan diemeter), the best value for r is about 1/2, which

mekes the inlet diameter just equal to the inside diameter of the fan
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bledes. It might be possible to get a greatsr speed ratio if the blades

were made oblong instead of sgusare, with the axial length greater than

the radial depth.

Theoretical and mathematical consideration, which need not be ex-

pleined hers in detail, bave besn developad to show:

(2)

(2).

3)

(4)

hp = szDs wlth proporticnal dimensions.

In the smpirical eguation fcr head resistance in rectilinear
eir flow, F = kusz, ;vhere F = force of head resistance, u =
density of air, S = arsa sxposed to eir flow, and v = air
velocity, the constent k for these tests, assuming the resist-
ing torgue of the fau to be dus only to the air resistance

of the flat plate fan blade's, agrees within 20% with Eiffells
value as corrected by Duchemin.

In the empirical equation for skin friction in rsctilinsar
air flow, F = kuS\rz, where F = force of skin friction

and the other symbolu are the same as before, the constant

k was calculated from the rune with the fan outlet cleosed

on the assumption that the entire resistance to the motion
of the fan was dus to the skin friction of the cylinder of
air on the housing. This constant was of the same ordsr of
magnitude as that given by Zakm for rectilinear alr flow
past a suooth board.

Equations are given in items 4, 5, and 6 of the 'bib].iograi:hy
for predetermining the performance of fans fran their dimen-
sions. While sach of these squations was probably trus for
the particular conditions under which the tests were made, it

has already been pointed out that no equation which doss not
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consider air density and fan snviromment as well as fan
dimensions can be generally true within less than 20%.
The conclusions of this investigation are, briefly:

(1) A fen brake can be made to give a power ratio of 5 to 1
or speed ratio of 1.7 to 1, by means of a variahble shuttered
housing.

(2} Performance of & fan brake of the same proportions as the
one testsed but of different dimmeter can be predstermined to
about 20% (ie. + 10% from nominal) by means of the curves
given. For accurate work a meuns of measuring torgue must

bs used in conjunction with the fan brake.
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{See discussion for formulas.)
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